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Abstract 
To improve the hydrogen desorption properties of magnesium hydride, the composite material with composition of MgH2-5 at% 
TiCrMn0.4Fe0.4V0.2 alloy has been prepared by co-milling of MgH2 powder with alloy prepared by vacuum arc remelting method. 
The effect of additive on MgH2 structure, i.e. crystallite size (D), lattice strain (ߝ), particle size (d), and also hydrogen desorption 
temperature (T) of obtained composite was evaluated by X-ray diffraction (XRD), scanning electron microscopy (SEM) and 
differential scanning calorimetry (DSC) methods. It has been shown that the addition of TiCrMn0.4Fe0.4V0.2 alloy to magnesium 
hydride can yield a finer particle size after mechanical alloying. As a result it leads to a decrease in the temperature of MgH2 
hydrogen desorption. The lowest achieved temperature of hydrogen desorption is related to the sample which is mechanically 
milled for 5 hours, whose temperature is 378ºC. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
With the increase in the environmental pollution and also the global warming caused by the over-production of 
greenhouse gases, there is an urgent need in the replacement of fossil fuels. Among the solutions proposed, 
Hydrogen is considered an ideal option due to its abundance, lack of environmental pollutions, and high capacity of 
energy production (142 mj/kg), Eigen et al. (2007). 
The first step in the use of hydrogen energy is storing it safely with a high volumetric density and high capacity. 
Perhaps at first, compacting Hydrogen and the transition of the solid Hydrogen to the liquid might be the solution to 
this issue. However due to the low immunity as well as some industrial concerns it is not logical to use these 
methods. Storing Hydrogen as a solid material in metal hydride is definitely an appropriate option, Sakintuna et al. 
(2007). 
Magnesium hydride is an attractive energy storage material because of its hydrogen storage capacity (7.6 wt. %), 
low cost, light weight, and also the high quality reversible in adsorption/desorption of hydrogen, Bowman and Fultz 
(2002), Maddalena et al. (2006). However, high hydrogen desorption temperature, relatively poor hydrogen 
absorption-desorption kinetics and a high reactivity toward air and oxygen limit the use of MgH2 in practical 
applications, Barkhordarian (2004), Varin (2005). 
Many efforts have focused on Mg-based hydrides in recent years to reduce the desorption temperature. Recently, 
it has been shown that the addition of Ti to magnesium hydride as Ti-based alloys significantly affects the hydrogen 
desorption temperature of magnesium hydride. For instance, with the addition of Ti-V based alloy to magnesium 
hydride at three state: milled, billet, quenched, reported reduction in the hydrogen desorption temperature 
respectively 16°C, 27°C, 74°C, Yu et al. (2010). Co-milling of MgH2 with TiCr1.2Fe0.6 alloy decreased hydrogen 
desorption temperature to 241°C, Mahmoudi et al. (2011). 
 In this study, the effect of adding TiCrMn0.4Fe0.4V0.2 catalyst and milling time on desorption properties of 
magnesium hydride composite produced by mechanical alloying is investigated. 
 
Nomenclature 
XRD X-ray Diffraction 
SEM Scanning Electron Microscope 
DSC Differential Scanning Calorimetry 
2. Experimental 
The starting materials MgH2 (98%, <105 µm), Ti (98%), Cr (98%), Mn (97%), Fe (98%) and V (98%) powders 
were supplied by Merck Germany. To prepare the Ti-based alloy with nominal composition of TiCrMn0.4Fe0.4V0.2 
(at.%), the elemental powders were mixed in a Tumbling mixer/miller for 30 min and compacted into an ingot of 
10mm diameter. Then, compacted powder was solution-treated and homogenized by being melted in a vacuum arc 
remelting furnace for three times. The as-cast alloy was mechanically broken into small pieces and then ball milled 
for 30 min to obtain small particles. MgH2 powder was blended with 5 at% TiCrMn0.4Fe0.4V0.2 powder and 
mechanical alloying was performed in a Retsch PM100 planetary ball mill at room temperature under a high purity 
argon atmosphere over various times. Ball to powder weight ratio of 20:1 was selected and rotation speed was 
adjusted to 400 rpm. Weighing, filling and handling the powders were performed in a glove box under argon 
atmosphere. The phase formation and variation of grain structure were investigated by X-ray diffraction (XRD) 
method (X'Pert Pro MPD, PANalytical) with Cu-ܭ஑ radiation. The crystallite size and lattice strain of β-MgH2 phase 
were estimated by broadening XRD peaks using Williamson-Hall method, Williamson and Hall (1953). The size 
and morphological changes of the powder particles upon mechanical milling were studied by scanning electron 
microscopy (SEM). The mean particle size of powders was measured using Clemex Vision image analyzer on SEM 
images. The thermal behavior was investigated with a simultaneous thermal analyzer (NETSCH STA 409) under 
argon atmosphere at a heating rate of 5 ºC/min up to 600°C. 
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3. Results and Discussion 
Figure 1 shows the XRD patterns of MgH2-5 at% TiCrMn0.4Fe0.4V0.2 composite produced by mechanical alloying 
at selected times. After 5 hours milling, the diffraction peaks corresponding to ߛ-MgH2 and MgO are observed in the 
XRD pattern. With the milling time extended up to 15 hours, the diffraction peaks corresponding to ߚ-MgH2 
become slightly broader and less intensity, while those corresponding to MgO intensify, showing the presence of 
higher amounts of this phase with increasing milling time. No new phase formation was noticed at this time. The 
morphological changes produced by mechanical milling at different times can be observed in Fig. 2a significant 
particle size (D) refinement is observed and after milling up to 15 h (see Table 1). Fig. 3 shows the dehydrogenation 
of the composite material as a function of temperature for the milled material over different times. The hydrogen 
desorption temperature of as-received MgH2 is 421oC. The desorption temperature fall from 421oC to 378oC is 
caused by milling MgH2 with TiCrMn0.4Fe0.4V0.2 alloy. 
In order to find the origin of differences, the characteristics of the synthesized composite powders at different 
milling times were determined. The results are summarized in Table 1. The results show that mechanical milling and 
TiCrMn0.4Fe0.4V0.2 addition are favourable with respect to the improvement of the hydrogen desorption temperature 
of MgH2. Different reasons are identified to explain this behavior. As can be seen in Table 1, the crystallite size (d) 
gradually decreases from 18 nm to 14 nm by increasing milling time. Since the diffusion of atoms in grain 
boundaries is much faster than that of entire lattice, it is acceptable that finer grain structure can promote the 
dehydrogenation properties. Additionally, a significant particle size refinement is observed, i.e. from 30 µm to 1.3 
µm after 15 h mechanical alloying. The decrease in particle size should correspond to an increase in the specific 
surface area. Profound effect of particle size (D) on the decomposition temperature (T) of MgH2 is after a certain 
critical threshold value (~2 µm), Varin and Czujku (2002). The present study has shown that the size of particles is 
approximately close to this value, so the effect of particle size on the decomposition temperature should be 
considered.  
 
Fig. 1. X-ray diffraction patterns of MgH2- 5 at% TiCrMn0.4Fe0.4V0.2 composite at two milling times. 
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Fig. 2. SEM micrographs showing the morphology of MgH2-at 5% TiCrMn0.4Fe0.4V0.2 after mechanical alloying for 5h (a) and 15h (b). 
 
 
 
Fig 3. Differential Scanning Calorimetry (DSC) curves of MgH2-at 5% TiCrMn0.4Fe0.4V0.2 composite at selected milling times: (a) 5; (b) b hours. 
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Table 1. The characteristics of the synthesized composite powders at different milling times 
Time (h) Phase D (ߤ݉) d (݊݉) ߝሺΨሻ T (OC) 
5 ߛǡ ߚ-MgH2,MgO 2.2 18 1.2 378 
15 ߛǡ ߚ-MgH2,MgO 1.3 14 1.4 389 
 
Here, it is worth mentioning that the formation of γ-MgH2 and MgO may affect the dehydrogenation process. The 
metastable high-pressure orthorombic γ-MgH2 phase, which has a lower desorption enthalpy and temperature, 
would affect the thermodynamics and kinetics of dehydrogenation process, so its formation decreases the hydrogen 
desorption temperature of MgH2. Nevertheless, MgO acts as a barrier between the solid and gas phases by limiting 
the diffusion of hydrogen atoms through its dense structure, Varin and Czujko (2002). Therefore, MgO can block 
catalytic active centers and can prevent the dissociation of molecular hydrogen. 
4. Conclusions 
Nanostructured MgH2–5 at.% TiCrMn0.4Fe0.4V0.2 composite powder was synthesized by vacuum arc remelting of 
the Ti-based alloy followed by co-milling with MgH2. XRD study showed that the composite powder mainly 
consisted of β-MgH2, γ-MgH2 and MgO phases. Study of the dehydrogenation properties determined that after 5h 
mechanical alloying, the dehydrogenation temperature of MgH2 decreased to 378 °C because of significant grain 
refinement and the catalytic effect of the transition metals. 
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